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Clinical PerspectiveWhat Is New?This is the first study to date to document an association between medication errors and blood pressure control among patients on pharmacologic management for hypertension in low‐ and middle‐income countries.What Are the Clinical Implications?Medication errors may be a major modifiable risk factor for uncontrolled hypertension, and interventions targeting the root causes of the most common errors may have the potential to significantly improve blood pressure control.Reduction in errors will require multicomponent interventions targeting errors generated by patients, prescribers, and medication dispensers, including guideline‐driven hypertension management, patient education, and standard documentation and dispensing.

 {#jah34761-sec-0008}

Hypertension is estimated to account for 14% of all global mortality and significant morbidity.[1](#jah34761-bib-0001){ref-type="ref"}, [2](#jah34761-bib-0002){ref-type="ref"} Although the prevalence of hypertension in high‐income countries is stable or decreasing, the prevalence is rapidly increasing in low‐ and middle‐income countries (LMICs).[2](#jah34761-bib-0002){ref-type="ref"}, [3](#jah34761-bib-0003){ref-type="ref"}, [4](#jah34761-bib-0004){ref-type="ref"} The efficacy of blood pressure--lowering medications for control of hypertension and prevention of cardiovascular complications is well demonstrated.[5](#jah34761-bib-0005){ref-type="ref"}, [6](#jah34761-bib-0006){ref-type="ref"}, [7](#jah34761-bib-0007){ref-type="ref"} However, disease control is poor worldwide, particularly in LMICs where many cases are undiagnosed and \<50% of the affected population has controlled disease.[8](#jah34761-bib-0008){ref-type="ref"}, [9](#jah34761-bib-0009){ref-type="ref"}, [10](#jah34761-bib-0010){ref-type="ref"}, [11](#jah34761-bib-0011){ref-type="ref"}, [12](#jah34761-bib-0012){ref-type="ref"}

In Botswana, a middle‐income country in southern Africa, the prevalence of hypertension is estimated to be 29% to 33% among 15‐ to 64‐year‐old adults.[8](#jah34761-bib-0008){ref-type="ref"}, [13](#jah34761-bib-0013){ref-type="ref"} In a large population‐based cross‐sectional household survey of 10% of the population, over half of those with hypertension were undiagnosed.[8](#jah34761-bib-0008){ref-type="ref"} Botswana, where adult HIV prevalence is 22%[14](#jah34761-bib-0014){ref-type="ref"} has long been considered a world leader in the fight against HIV/AIDS and has been successful in implementing universally accessible antiretroviral treatment and reducing HIV‐related morbidity and mortality. However, in Botswana as in other LMICs, healthcare gains in the field of infectious disease are now being challenged by epidemiological and lifestyle transitions, leading to an increasing burden of noncommunicable diseases, such as hypertension. As with other LMICs, the medical management of hypertension in the public healthcare setting in Botswana presents particular challenges caused by multiple barriers, including frequent medication stock outs, inadequate follow‐up and continuity of care, low provider/patient ratio, and suboptimal training and support of medical providers.[15](#jah34761-bib-0015){ref-type="ref"}, [16](#jah34761-bib-0016){ref-type="ref"}, [17](#jah34761-bib-0017){ref-type="ref"} In such settings, identifying opportunities for low‐cost, high‐quality interventions may be essential to achieve adequate disease control.

One proposed intervention is the use of medication reconciliation. Medication reconciliation is a formal process of obtaining the most complete and accurate list of a patient\'s current medications and comparing this list with that in the patient\'s medical record with the goal of identifying errors and reconciling discrepancies.[18](#jah34761-bib-0018){ref-type="ref"} Studies in high‐income countries have documented frequent discrepancies, ranging from 14.1% to 87%, between medications patients report taking and those listed in their medical record.[19](#jah34761-bib-0019){ref-type="ref"}, [20](#jah34761-bib-0020){ref-type="ref"}, [21](#jah34761-bib-0021){ref-type="ref"}, [22](#jah34761-bib-0022){ref-type="ref"}, [23](#jah34761-bib-0023){ref-type="ref"} Accurate medication reconciliation has been shown to decrease hospital readmissions and improve medication adherence.[21](#jah34761-bib-0021){ref-type="ref"}, [22](#jah34761-bib-0022){ref-type="ref"}, [23](#jah34761-bib-0023){ref-type="ref"}, [24](#jah34761-bib-0024){ref-type="ref"}, [25](#jah34761-bib-0025){ref-type="ref"} Evidence on similar discrepancies and their consequences in LMICs is limited.[25](#jah34761-bib-0025){ref-type="ref"}, [26](#jah34761-bib-0026){ref-type="ref"} Frequent drug changes and multidrug regimens make patients with hypertension particularly susceptible to medication errors, and subsequent discrepancies in antihypertensive medications have been strongly associated with poor blood pressure control in high‐income countries.[18](#jah34761-bib-0018){ref-type="ref"} The extent to which medication discrepancies affect hypertension control in LMICs is not well understood.

We sought to describe the frequency and causes of antihypertensive medication discrepancies between patient‐reported medications and medications listed in the outpatient record and to evaluate the association between medication errors and hypertension control in ambulatory healthcare facilities in Botswana.

Methods {#jah34761-sec-0009}
=======

The data that support the findings of this study are available from the corresponding author on reasonable request.

Setting and Participants {#jah34761-sec-0010}
------------------------

Kweneng East is a rural district in Botswana with a population of 190 000.[27](#jah34761-bib-0027){ref-type="ref"}

The district\'s public health system consists of a 300‐bed district referral hospital, a 25‐bed primary hospital, 13 primary care clinics, and 15 rural health posts. Consultations and medications in all these facilities are available free of charge to citizens of Botswana. The district\'s outpatient care services are staffed by 6 nonspecialized general physicians serving adults and children at the community clinics and health posts. An additional 11 nonspecialist physicians staff outpatient clinics and emergency departments at the primary hospital and district referral hospital. Two internal medicine specialists are available at the district referral hospital. Subspecialty services are only available at a tertiary referral facility located in an adjacent district. Given the relative shortage of physicians, many primary care services in the district health system are provided primarily by nurses. Patients diagnosed with hypertension were recruited from 7 public healthcare facilities serving semiurban (n=4) and rural (n=3) communities in the district. Facilities were chosen in discussion with the 6 community physicians working in the district and selected on the basis of volume of patients seen with hypertension. The facilities chosen included 2 hospital‐based outpatient departments, 2 community clinics, and 3 rural health posts. All facilities were staffed primarily by nurses. Family nurse practitioners were available in the community clinics. Physicians staffed hospital‐based outpatient departments daily, community clinics twice a week, and rural health posts once a month. Eligible participants were aged ≥18 years, already diagnosed with hypertension, and managed with antihypertensive medications. Patients were ineligible if they did not meet inclusion criteria or were unable to give informed consent.

Data Collection {#jah34761-sec-0011}
---------------

From April 2018 to October 2018, trained nurses at each of the 7 sites consented patients with hypertension presenting for routine care visits and scheduled them for study interviews with a physician. All study interviews were conducted in Setswana with a trained nurse translator. Each patient was scheduled for a study visit within a month of enrollment and asked to bring his/her home medications to the study visit. Patients were reimbursed for their transportation costs to attend the study visit but were not otherwise compensated. Blood pressure measurements were obtained and recorded by health facility staff at enrollment and on patients' return for the study visit using automatic blood pressure cuffs. In addition, during the study visit, all other blood pressure measurements recorded in patients' charts during the 12 months preceding the study visit were collected. Blood pressures taken in the emergency department or inpatient setting were excluded. Sociodemographic and clinical data, including years of formal education, employment status, number of household members, household income, comorbidities, tobacco and alcohol use, and physical activity, were collected through patient interviews. Data on household income were collected on the basis of income quartiles that included the following: (1) below poverty line (\<\$60 US dollars \[USD\]); (2) between the poverty line and the rural average monthly salary (\$60--\$259.9 USD); (3) between the rural average monthly salary and the urban average monthly salary (\$260--\$524.9 USD); and (4) above the urban average monthly salary (\>\$525 USD).[26](#jah34761-bib-0026){ref-type="ref"} Self‐reported adherence was assessed using a modified Morisky 8‐Item Medication Adherence Scale.[28](#jah34761-bib-0028){ref-type="ref"} Health literacy was assessed using a 6‐question health literacy questionnaire developed in collaboration with local healthcare practitioners. This included questions on awareness of hypertension and its complications, related lifestyle issues, blood pressure goals, and benefits of treatment. The medications prescribed in the medical chart at patients' most recent follow‐up visit were compared with the medications patients brought or reported taking. Prescribed medication dosages and total pill number for hypertension, diabetes mellitus, and cardiovascular risk management (cardiovascular disease \[CVD\] pill burden) were recorded. Patients who failed to bring their medications and were unable to name them were shown sample pills to test for recognition. When identified, medication discrepancies were categorized by cause, referred to as medication error, and recorded. At the end of the study visit, medication errors causing discrepancies were corrected, active medical issues were addressed, and necessary follow‐up, including routine follow‐up clinic appointments, was scheduled by the study physicians.

Classification of Causes of Medication Discrepancies {#jah34761-sec-0012}
----------------------------------------------------

Medication discrepancies were classified by underlying cause (medication error) as resulting from patient errors, dispenser errors, or prescriber errors. Errors were further categorized by error type as follows:

### Patient errors {#jah34761-sec-0013}

Type I: Omission of a prescribed medication (did not refill prescription or missing medication not explained by medication out of stock error).Type II: Taking a medication not prescribed.Type III: Taking medication at a different frequency or dose from that prescribed.

### Dispenser errors {#jah34761-sec-0014}

Type I: Discrepancy between prescribed medication or instruction and dispensed medication or instruction.Type II: Patient not taking prescribed medication because of medication stock out and no referral back to prescriber for alternative medication option.

### Prescriber errors {#jah34761-sec-0015}

Type I: Dose or frequency inconsistent with guidelines or manufacturer\'s recommendations.Type II: Prescription of ≥2 forms of the same medication or medication class.Type III: Changes in antihypertensive medication prescription without adequate indication or explanation.Type IV: Incomplete prescription (omission of dose, frequency, or duration).

Definition of Blood Pressure Control {#jah34761-sec-0016}
------------------------------------

Blood pressure cutoffs for the definition of uncontrolled hypertension were selected on the basis of 2016 Botswana National Primary Care guidelines.[29](#jah34761-bib-0029){ref-type="ref"} These included a systolic or diastolic blood pressure of ≥140 and ≥90 mm Hg, respectively, in nondiabetic patients and ≥130 and ≥80 mm Hg, respectively, in patients with diabetes mellitus. Primary data analysis was performed using an average of 2 blood pressure readings taken within 1 month of each other (at initial screening and at a scheduled study visit). The use of long‐term cumulative blood pressure measurements has been shown to more accurately predict cardiovascular risk.[30](#jah34761-bib-0030){ref-type="ref"} We, therefore, also recorded all blood pressure measurements documented in the patient‐held paper medical record over the course of the preceding 12 months and calculated the percentage of uncontrolled readings.

Statistical Analysis {#jah34761-sec-0017}
--------------------

Analyses were conducted using Stata, version Stata/MP 15.0 (StataCorp).[31](#jah34761-bib-0031){ref-type="ref"}

χ^2^ and *t* tests were used to compare patient characteristics between those with medication discrepancies and those without discrepancies. A 2‐tailed *P*\<0.05 was considered statistically significant. Multivariable logistic regression was used to compute adjusted odds ratios (aORs) for uncontrolled blood pressure. The final model controlled for sex, age, education (total number of years), monthly household income, tobacco use status, CVD pill burden, number of comorbidities, clinic type (health post, community clinic, or hospital outpatient clinic), suboptimal medication reconciliation, and self‐reported adherence.

Ethics {#jah34761-sec-0018}
------

The study protocol and all study materials were approved by the institutional review boards of the Botswana Health Development and Research Council, Gaborone, Botswana; Beth Israel Deaconess Medical Center, Boston, MA; and Kweneng East District Health Management Team, Molepolole, Botswana.

Results {#jah34761-sec-0019}
=======

Patient Demographics and Comorbidities {#jah34761-sec-0020}
--------------------------------------

A total of 73.5% of patients who consented to the study and were scheduled for a study visit returned to complete the study interview ([Figure](#jah34761-fig-0001){ref-type="fig"}). A total of 280 patients with hypertension were enrolled in the study and completed a study interview, of which 233 (83.2%) were women. All participants were citizens of Botswana, with a homogeneous Motswana ethnic origin. A total of 128 patients (45.7%) were enrolled at hospital clinics, 89 (31.8%) at community clinics, and 63 (22.5%) at health posts. Patients' median age was 59 years (interquartile range, 49--67 years), with 24 (8.6%) aged \<40 years and 125 (44.6%) aged \>60 years. A total of 80 patients (28.6%) had never attended school, and 207 (74.0%) had \<8 years of formal education. The median household size was 5 (interquartile range, 3--7). A total of 134 patients (47.9%) had a monthly household income below the poverty line of \<\$2 USD/day (600 Botswana pula/month). A total of 154 patients (55.0%) reported being unemployed. A total of 140 patients (50.0%) had ≥1 comorbidity not including HIV, 60 (21.4%) had diabetes mellitus, and 39 (13.9%) were HIV positive, lower than the national average of 22%[27](#jah34761-bib-0027){ref-type="ref"} (Table [1](#jah34761-tbl-0001){ref-type="table"}). A total of 239 patients (85.4%) self‐reported daily adherence to their antihypertensive regimens. The median number of pills a patient was prescribed to take daily for hypertension, diabetes mellitus, CVD, or CVD prevention (CVD pill burden) was 3 (interquartile range, 2--5). Patients were prescribed an average of 2.01 (SD, 0.80) blood pressure medications. Patients with uncontrolled blood pressure were prescribed significantly more medications for blood pressure control than those with controlled blood pressure (average, 2.12 versus 1.87; *P*=0009). There was no significant difference in the number of medications prescribed between patients who had ≥1 episode of hypotension and those with no recorded hypotension (1.78 versus 2.03; *P*=0.12). Over the course of a year, 124 (44.3%) of participants received all their clinical outpatient care at a single facility, 108 (38.6%) at 2 different facilities, and 48 (17.1%) at ≥3 different facilities.

![Summary of population enrolled, interviewed, and included in analysis.](JAH3-9-e013766-g001){#jah34761-fig-0001}

###### 

Patient Characteristics by Presence of ≥1 Medication Error

  Variable                                                                         No Medication Errors (n=185)   ≥1 Medication Error (n=95)   Total Participants (n=280)   *P* Value
  -------------------------------------------------------------------------------- ------------------------------ ---------------------------- ---------------------------- -----------
  Age, y                                                                                                                                                                    
  Mean (SD)                                                                        57.9 (13.2)                    60.1 (14.3)                  58.7 (13.6)                  0.199
  \<40 y, %                                                                        9.2                            7.4                          8.6                          0.606
  \>60 y, %                                                                        43.8                           46.3                         44.6                         0.687
  Sex                                                                                                                                                                       
  Women, %                                                                         82.2                           85.3                         83.2                         0.511
  Body mass index, mean (SD), kg/m^2^ [a](#jah34761-note-0002){ref-type="fn"}      29.2 (6.4)                     31.4 (7.4)                   30.0 (6.8)                   0.714
  Employment status                                                                                                                                                         
  Unemployed, %                                                                    53.0                           58.9                         55                           0.341
  Education                                                                                                                                                                 
  Years of school, mean (SD)                                                       5.1 (4.5)                      4.6 (4.0)                    4.9 (4.4)                    0.359
  No education, %                                                                  30.3                           25.3                         28.6                         0.380
  Household size, mean (SD)                                                        5.3 (3.6)                      5.5 (3.2)                    5.4 (3.4)                    0.583
  Monthly income                                                                                                                                                            
  Below poverty line, %[b](#jah34761-note-0003){ref-type="fn"}                     46.5                           50.5                         47.9                         0.522
  Active tobacco use                                                                                                                                                        
  Smoking cigarettes or inhaling snuff, %                                          9.7                            7.4                          8.9                          0.512
  Any alcohol use, %                                                               9.7                            13.7                         11.1                         0.318
  Comorbidities (not HIV)                                                                                                                                                   
  ≥1, %                                                                            43.8                           62.1                         50.0                         0.004
  Diabetes mellitus, %                                                             16.2                           31.6                         21.4                         0.003
  HIV status                                                                                                                                                                
  Positive, %                                                                      14.1                           13.7                         13.9                         0.534
  CVD risk score[c](#jah34761-note-0004){ref-type="fn"}                                                                                                                     
  \>10%, %                                                                         12.4                           29.5                         18.2                         0.005
  CVD pill burden, mean (SD)[d](#jah34761-note-0005){ref-type="fn"}                4.1 (3.5)                      5.5 (4.0)                    4.6 (3.8)                    0.002
  Medications named, mean, %                                                       40.5                           27.1                         35.9                         0.021
  Health literacy test, mean, %                                                    60.0                           56.6                         58.8                         0.282
  Suboptimal medication reconciliation, %[e](#jah34761-note-0006){ref-type="fn"}   18.4                           31.6                         22.9                         0.013
  No. of clinic visits                                                                                                                                                      
  Time period: 1 y, mean (SD)                                                      10.6 (5.3)                     10.0 (4.9)                   10.4 (5.2)                   0.389

CVD indicates cardiovascular disease.

A total of 220 patients had height measurements to calculate body mass index. This included 73 patients (76.8%) with ≥1 medication error and 147 patients (78.5%) without medication errors.

Below poverty line: \<\$2/day, \<600 pula/month.

World Health Organization Cardiovascular Disease Risk Score.

The number of pills prescribed daily to treat hypertension and diabetes mellitus and prevent CVD.

Patients unable to name their home medications and did not bring their home medications to the study interview.

John Wiley & Sons, Ltd

Medication Reconciliation {#jah34761-sec-0021}
-------------------------

The most recent prescribed medication list was available for all patients, and 201 (71.8%) brought their medications to the study visit for review. A total of 64 patients (22.9%) were neither able to name all of their home medications nor brought their home medications and were categorized as having a suboptimal medication reconciliation. All patients underwent medication reconciliation, and 95 (34.0%) had ≥1 discrepancy between the prescribed medication list and the medications patients brought or reported taking. When compared with patients with no medication discrepancies, patients with ≥1 medication discrepancy were able to name fewer of their home medications (average percentage, 40.5% versus 27.1%; *P*=0.021), had a higher mean CVD pill burden (5.5 versus 4.1; *P*=0.002), and were more likely to have ≥1 comorbidity (62.1% versus 43.8%; *P*=0.004), particularly diabetes mellitus (31.6% versus 16.2%; *P*=0.003) (Table [1](#jah34761-tbl-0001){ref-type="table"}). The most commonly prescribed medications were hydrochlorothiazide in 168 patients (60.0%), angiotensin‐converting enzyme inhibitors in 111 patients (40.0%), and calcium channel blockers in 139 patients (49.6%). Patients with medication errors were more often prescribed angiotensin‐converting enzyme inhibitors (51.6% versus 33.5%; *P*=0.003) and less frequently prescribed hydrochlorothiazide (49.5% versus 68.6%; *P*=0.002) (Table [2](#jah34761-tbl-0002){ref-type="table"}).

###### 

Commonly Prescribed Medications by Presence of ≥1 Error

  Commonly Prescribed Medications                 No Errors (n=185)   Errors (n=95)   Total (n=280)   *P* Value
  ----------------------------------------------- ------------------- --------------- --------------- -----------
  Enalapril                                       32.4 (60)           47.4 (45)       37.5 (105)      0.015
  Captopril                                       1.1 (2)             4.2 (4)         2.1 (6)         0.087
  ACE inhibitors                                  33.5 (62)           51.6 (49)       39.6 (111)      0.003
  Hydrochlorothiazide                             68.6 (127)          49.5 (41)       60 (168)        0.002
  Nifedipine Extended Release (XL)                38.4 (71)           43.2 (41)       40 (112)        0.440
  Nifedipine Sustained Release (SR)               5.9 (11)            9.5 (9)         7.1 (20)        0.278
  Amlodipine                                      1.1 (2)             5.3 (5)         2.5 (7)         0.034
  Calcium channel blockers                        45.4 (84)           57.9 (55)       49.6 (139)      0.157
  Atenolol                                        17.3 (32)           18.9 (18)       17.9 (50)       0.733
  Propranolol                                     1.6 (3)             3.2 (3)         2.1 (6)         0.401
  Carvedilol                                      4.3 (8)             6.3 (6)         5.0 (14)        0.469
  Bisoprolol                                      0.0                 1.1 (1)         0.4 (1)         0.162
  β Blockers                                      23.2 (43)           29.5 (28)       25.4 (71)       0.257
  Hydralazine                                     0.5 (1)             6.3 (6)         2.5 (7)         0.003
  Furosemide                                      3.8 (7)             16.8 (16)       8.2 (23)        \<0.001
  Spironolactone                                  3.2 (6)             6.3 (6)         4.3 (12)        0.229
  Telmisartan                                     1.1 (2)             6.3 (6)         2.9 (8)         0.013
  Hydrochlorothiazide+telmisartan (co‐Micardis)   5.4 (10)            5.3 (5)         5.4 (15)        0.960

Data are given as percentage (number). ACE indicates angiotensin‐converting enzyme.

John Wiley & Sons, Ltd

Medication Errors {#jah34761-sec-0022}
-----------------

Among the 95 patients who had medication discrepancies, a total of 118 medication errors were identified. These included 57 of 280 (20.4%) with patient errors, 27 of 280 (9.6%) with dispenser errors, and 34 of 280 (12.1%) with prescriber errors. A total of 19 of 280 (6.8%) of patients with discrepancies had ≥2 types of errors. The most common errors were caused by 31 or 280 (11.1%) of patients taking a medication at a different frequency or dose than prescribed, 22 of 280 (7.9%) of patients omitting a prescribed medication, 21 of 280 (7.5%) of cases of unfilled prescriptions caused by pharmacy stock outs with no medication class substitution, and 16 of 280 (5.7%) of cases of medications prescribed at a dose or frequency inconsistent with guidelines or manufacturer\'s recommendations (Table [3](#jah34761-tbl-0003){ref-type="table"}). A total of 48 of 128 (37.5%), 30 of 128 (31.5%), and 19 of 63 (30.2%) of patients had ≥1 medication error at hospital clinics, community clinics, and health posts, respectively. There was no significant difference in frequency of medication errors among patients enrolled at different types of clinics (*P*=0.504).

###### 

Frequency and Type of Errors Causing Medication Discrepancies Among All Patients

  Type of Error   Patient Errors   Dispenser Errors   Prescriber Errors   All Errors
  --------------- ---------------- ------------------ ------------------- ------------
  I               22 (7.9)         6 (2.1)            16 (5.7)            ...
  II              4 (1.4)          21 (7.5)           4 (1.4)             ...
  III             31 (11.1)        ...                8 (2.9)             ...
  IV              ...              ...                6 (2.1)             ...
  Total errors    57 (20.4)        27 (9.6)           34 (12.1)           118

Data are given as number (percentage). Patient errors: type I: omission of a prescribed medication (did not refill prescription or missing medication not explained by medication out of stock error); type II: taking a medication not prescribed; type III: taking medication at a different frequency or dose from that prescribed. Dispenser errors: type I: discrepancy between prescribed medication or instruction and dispensed medication or instruction; type II: patient not taking prescribed medication because of medication stock out and no referral back to prescriber for alternative medication option. Prescriber errors: type I: dose or frequency inconsistent with guidelines or manufacturer\'s recommendations; type II: prescription of ≥2 forms of the same medication or medication class; type III: changes in antihypertensive medication prescription without adequate indication or explanation; type IV: incomplete prescription (omission of dose, frequency, or duration).

John Wiley & Sons, Ltd

Blood Pressure Control {#jah34761-sec-0023}
----------------------

A total of 154 patients (55.2%) had uncontrolled hypertension per an average of the 2 most recent blood pressure measurements performed at study enrollment and study visit. A total of 28 patients (10%) had ≥1 episode of hypotension, and 7 of the 28 (2.5%) had ≥2 episodes of hypotension over the course of 1 year.

When compared with patients with no medication discrepancies, patients with ≥1 medication discrepancy had a higher prevalence of uncontrolled hypertension (73.7% versus 45.4%; *P*\<0.001). The difference in average systolic and diastolic blood pressures between these groups was 11.8 mm Hg (95% CI, 6.6--16.9 mm Hg) and 5.5 mm Hg (95% CI, 2.5--8.4 mm Hg), respectively. The average systolic (*P*=0.48) and diastolic (*P*=0.36) blood pressure readings over the course of the preceding 12 months did not significantly vary from the averages of the 2 most recent blood pressure readings or the current blood pressure (Table [4](#jah34761-tbl-0004){ref-type="table"}). Overall, patients with ≥1 medication discrepancy had 3.26 higher odds of uncontrolled hypertension. In univariate analyses, patient errors (OR, 3.13; 95% CI, 1.59--6.15; *P*=0.001) and dispenser errors (OR, 3.13; 95% CI, 1.22--8.02; *P*=0.017) were significantly associated with uncontrolled blood hypertension, whereas no association was observed between prescriber errors and uncontrolled blood hypertension (OR, 1.55; 95% CI, 0.71--3.36; *P*=0.271). Frequency of follow‐up was high, with an average of 10.4 recorded blood pressure measurements over the preceding 12 months, of which 60.6% were above blood pressure control targets. Among patients in whom \>50.0% of blood pressure readings were above blood pressure control targets, in only 53.7% were any medication adjustments made during the course of the year. In an adjusted multivariable logistic analysis, factors associated with uncontrolled blood pressure included the presence of ≥1 medication discrepancy (aOR, 3.26; 95% CI, 1.75--6.06; *P*\<0.001), male sex (aOR, 2.5; 95% CI, 1.10--5.73; *P*=0.029), higher CVD pill burden (aOR, 1.23; 95% CI, 1.11--1.37; *P*\<0.001), and receiving care at a community clinic when enrolled in the study (aOR, 3.02; 95% CI, 1.35--6.73; *P*=0.007) (Table [5](#jah34761-tbl-0005){ref-type="table"}).

###### 

Varying Definitions of Uncontrolled BP, Stratified by Medication Errors

  Variable                                                                                                                        No Medication Discrepancies (n=185)   ≥1 Medication Discrepancy (n=95)   Total Participants (n=280)   *P* Value
  ------------------------------------------------------------------------------------------------------------------------------- ------------------------------------- ---------------------------------- ---------------------------- -----------
  Current BP, mean (SD), mm Hg                                                                                                                                                                                                          
  Systolic                                                                                                                        137 (21)                              151 (29)                           141 (25)                     \<0.001
  Diastolic                                                                                                                       82 (13)                               87 (15)                            84 (14)                      0.014
  2‐Reading average BP, mean (SD), mm Hg[a](#jah34761-note-0010){ref-type="fn"}                                                                                                                                                         
  Systolic                                                                                                                        138 (19)                              149 (24)                           142 (21)                     \<0.001
  Diastolic                                                                                                                       82 (11)                               87 (13)                            84 (12)                      \<0.001
  Yearly average BP, mean (SD), mm Hg[b](#jah34761-note-0011){ref-type="fn"}                                                                                                                                                            
  Systolic                                                                                                                        139 (17)                              149 (20)                           142 (19)                     \<0.001
  Diastolic                                                                                                                       82 (11)                               86 (11)                            83 (11)                      0.004
  Population % with uncontrolled hypertension per 12‐mo average BP[c](#jah34761-note-0012){ref-type="fn"}                         46.5                                  70.8                               54.8                         \<0.001
  Population % with uncontrolled hypertension[b](#jah34761-note-0011){ref-type="fn"}                                              45.7                                  73.7                               55.2                         \<0.001
  Mean frequency of uncontrolled BP[c](#jah34761-note-0012){ref-type="fn"} over 12 mo, %[d](#jah34761-note-0013){ref-type="fn"}   54.6                                  72.5                               60.6                         \<0.001

BP indicates blood pressure.

Mean of an average of 2 BP readings taken over the course of a month for each participant.

Mean of an average of all BP readings taken over the course of a year for each participant.

Uncontrolled hypertension/BP: systolic or diastolic BP ≥140 and ≥90 mm Hg, respectively, in nondiabetic patients and ≥130 and ≥80 mm Hg, respectively, in patients with diabetes mellitus.

Population mean of the proportion of all individual BP measurements taken over the course of a year that were uncontrolled for each individual.

John Wiley & Sons, Ltd

###### 

Multivariate Logistic Regression: Factors Associated With Uncontrolled Blood Pressure

  Variable                                                                      Adjusted Odds Ratio   95% CI       *P* Value
  ----------------------------------------------------------------------------- --------------------- ------------ -----------
  Age                                                                           0.98                  0.95--1.00   0.046
  Male sex                                                                      2.5                   1.09--5.73   0.029
  Clinic type[a](#jah34761-note-0015){ref-type="fn"}                                                               
  Community clinic                                                              3.02                  1.35--6.73   0.007
  Hospital clinic                                                               0.90                  0.42--1.95   0.791
  Household income[b](#jah34761-note-0016){ref-type="fn"}                       1.09                  0.78--1.51   0.50
  Education (total No. of years)                                                0.99                  0.91--1.07   0.778
  Active tobacco user (cigarettes or snuff)                                     1.94                  0.69--5.46   0.207
  No. of comorbidities                                                          0.96                  0.61--1.50   0.842
  Suboptimal medication reconciliation[b](#jah34761-note-0016){ref-type="fn"}   1.97                  0.96--4.04   0.064
  Medication errors                                                             3.26                  1.75--6.06   \<0.001
  CVD pill burden[c](#jah34761-note-0017){ref-type="fn"}                        1.23                  1.11--1.37   \<0.001
  Self‐reported adherence                                                       1.85                  0.94--3.65   0.075
  No. of clinic visits                                                          0.95                  0.90--1.01   0.081

CVD indicates cardiovascular disease. Uncontrolled hypertension/blood pressure: systolic or diastolic blood pressure ≥140 and ≥90 mm Hg, respectively, in nondiabetic patients and ≥130 and ≥80 mm Hg, respectively, in patients with diabetes mellitus, using an average of 2 blood pressure readings taken over the course of a month.

Clinic type at enrollment and study interview: reference: health post.

Unable to name home medications and did not bring home medications to study interview.

The number of pills prescribed daily to treat hypertension and diabetes mellitus and prevent CVD.

John Wiley & Sons, Ltd

Discussion {#jah34761-sec-0024}
==========

To our knowledge, this is the first study to date to document an association between medication errors and hypertension management outcomes in LMICs where hypertension is rapidly becoming a major public health challenge. Over half of the patients in this study had uncontrolled blood pressure, despite taking antihypertensive medications and frequent follow‐up, a rate of hypertension control consistent with studies from other LMICs.[9](#jah34761-bib-0009){ref-type="ref"}, [10](#jah34761-bib-0010){ref-type="ref"}, [11](#jah34761-bib-0011){ref-type="ref"}, [12](#jah34761-bib-0012){ref-type="ref"} We found a remarkably high prevalence of discrepancies between prescribed and patient‐reported medications. Patients with any medication error were much more likely to have uncontrolled blood pressure compared with patients with no medication errors, and the difference in average systolic and diastolic blood pressures between these groups was clinically significant. Compared with findings in a high‐income context (United States) by Persell et al,^18^ using the same cutoffs for uncontrolled blood pressure (\<140/90 mm Hg and \<130/80 mm Hg in diabetic patients), a higher percentage of the population with medication errors (57.7% versus 73.7%) and without medication errors (35.9% versus 45.7%) had uncontrolled hypertension in Botswana. Overall prevalence of uncontrolled hypertension in the 2 studies was comparable (52.7% versus 55.2%).[18](#jah34761-bib-0018){ref-type="ref"}

The presence of medication discrepancies was the strongest predictor of uncontrolled hypertension among multiple factors included in adjusted analysis. The main clinical implication of our findings is that medication errors may be a major modifiable risk factor for uncontrolled hypertension. Interventions targeting the root causes of the most common errors may thus have the potential to significantly improve blood pressure control among patients already identified and treated for hypertension.

There may be several explanations for the strong association between the presence of medication errors and poor blood pressure control. Patients in our study reported a high rate of medication adherence; and we did not identify an association between self‐reported adherence and blood pressure control, although there was a trend toward significance. The study did not formally evaluate for adherence beyond patient self‐report (eg, pill count); hence, reliability of this measure may be limited in our study. Data from high‐income countries suggest actual adherence may be lower than that reported by patients[32](#jah34761-bib-0032){ref-type="ref"} and that patients with better adherence are likely to have better blood pressure control. They may also be more familiar with their medications and better able to avoid medication errors at the patient level as well as prevent errors from being made by prescribers and dispensers.

Medication errors may also reflect the quality of care delivered by prescribers and medication dispensers. Low‐quality care at the level of the prescriber may consist of failure to review a patient\'s current medication list before updating or changing prescriptions; failure to identify uncontrolled hypertension and make required adjustments; failure to consider potential medication interactions; failure to monitor, identify, and address medication adverse effects; failure to provide adequate patient education; and failure to maintain adequate documentation.[12](#jah34761-bib-0012){ref-type="ref"}, [13](#jah34761-bib-0013){ref-type="ref"} Poor service quality by medication dispensers may include failure to identify prescriber errors, failure to adequately educate patients and document medication instructions, and failure to communicate with prescribers when problems are identified or medications are out of stock. As demonstrated in this study by the significant percentage of patients with \>1 type of error, such quality of care lapses may often coexist. Stock outs of medications were a another prominent cause of medication discrepancies in our study and likely reflect procurement, stock management, and other system quality issues at the facility, district, and national level. Interestingly, we found that patients prescribed angiotensin‐converting enzyme inhibitors were more likely to have medication errors, a finding that may be related to medication stock management and formulation issues. Enalapril is available in 3 different dosage forms (5‐, 10‐, and 20‐mg tablets). The association between angiotensin‐converting enzyme inhibitors and medication errors in our study is likely explained by variable availability of specific dosage forms, which requires dispensers and patients to adjust pill numbers on the basis of the specific dosage forms available at the time of each medication refill. At the district health facility level, reduction in medication errors among our patient population will likely require multicomponent interventions targeting errors generated by patients, prescribers, and medication dispensers. These may include clinician and nurse training on guideline‐driven hypertension management, introduction of routine medication reconciliation on each follow‐up visit, standardization of documentation and dispensing practices, improved communication between dispensers and prescribers, and improvement of patient education practices. As overwork has been previously cited as a cause of self‐reported medication errors among prescribers and dispensers in LMICs,[33](#jah34761-bib-0033){ref-type="ref"} the amount of time prescribers and dispensers are able to allocate to each patient encounter is a critical factor in their ability to provide adequate quality of care. Many of the interventions suggested above, such as routine medication reconciliation and improved patient education, may be time‐consuming. Further research is required to assess whether such time investment results in improved outcomes.

Comprehensive interventions will also require involvement of local and national policy makers to engage quality improvement initiatives. Suggested systemic initiatives include maintaining adequate medication supplies, decreasing pill burden by making combination antihypertensive formulations available in public pharmacies, and equipping the healthcare facilities with electronic medical records. The latter has been demonstrated to decrease medication errors in high‐income countries through improved documentation and reduction in prescription and dispensing errors.[34](#jah34761-bib-0034){ref-type="ref"}

Our study identified multiple errors leading to medication discrepancies but was limited in its ability to identify some of the potential root causes for medication discrepancies and errors.

The study\'s design limited our ability to draw conclusions on the association between blood pressure control and level of healthcare facility. A strong association was found between study enrollment at community clinics and uncontrolled blood pressure. A random effects regression model could be useful in accounting for correlation between patients at the clinic location and clinic type level. We chose not to use this model as over half of patients in this population reported seeking care at \>2 different‐level health facilities over the course of a year. We were unable to assess whether rates of medication errors and uncontrolled hypertension varied between patients seen by a physician, family nurse practitioner, or general nurse at different sites as poor documentation practices made it difficult to consistently identify prescriber level. We do not have sufficient data to determine if the strong correlation we see between clinic type and uncontrolled blood pressure is caused by the clinic environment or individual providers. Nonetheless, there was no difference in the rate of medication errors occurring among the 3 clinic types.

Patients in Botswana\'s public health system are not typically followed by a single provider, and patients are often seen by a different provider on each follow‐up visit. Prior research shows frequent medication discrepancies with inpatient to outpatient transitions of care.[21](#jah34761-bib-0021){ref-type="ref"}, [22](#jah34761-bib-0022){ref-type="ref"} The same may be occurring with frequent changes in ambulatory care providers and sites, but we were unable to assess this.

An additional limitation was using a purposive sampling method rather than a randomized sampling method to choose outpatient facilities in the district, which may have introduced selection bias. Given the limited number of facilities in the district, we chose a maximum variation strategy, choosing to balance participants recruited at hospital‐based facilities with those recruited at community primary care centers and health posts of varying volume and distance from the district hospital.

Other limitations of this study include potential for classification errors resulting from imprecise blood pressure measurements (eg, caused by lack of blood pressure machine calibration or inconsistent measurement technique), challenges having working equipment in all clinics to calculate height and weight, and suboptimal medication reconciliation (eg, caused by incomplete medical records or brought‐in or recalled medications). Nevertheless, we believe the reliance on 2 study blood pressure measurements and controlling for patients with suboptimal medication reconciliation are strengths of this study and increase the likelihood that our results are accurate.

Overtreatment and/or patient errors (eg, ingestion beyond the prescribed dose), leading to hypotension, were not classified as medication errors in this study. Hypotension is an important adverse effect to consider in this population of patients being treated for hypertension with medications. The incidence of hypotension was low in this population compared with publications from high‐income countries.[35](#jah34761-bib-0035){ref-type="ref"} We were limited in ability to detect episodes of hypotension as our protocol did not include 24‐hour ambulatory blood pressure monitoring.

In summary, our study provides an important addition to the literature by demonstrating a strong association between medication discrepancies and blood pressure control in a resource‐limited middle‐income country. It points to medication reconciliation as an effective method of identifying medication errors and a potential low‐cost intervention for reducing medication discrepancies and improving blood pressure control among patients with hypertension in the outpatient setting. Beyond hypertension, our findings may have implications for other disease conditions that rely on long‐term pharmacologic treatment for their control. Further study is needed to assess whether interventions aimed at improving medication reconciliation and addressing medication errors can improve the control of hypertension and other chronic disease conditions in the ambulatory setting.
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